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SUMMARY

conductedto determinethehydrodynamic
on lift,drag,andpitthingmomentfor

anNACA661-012airfoil-sectionsurfac&-piercingstrutop&atingin con-
junctionwithanaspect-ratio-O.25modified-flat-platerectangularlifting
surface.Theinterferenceeffectsofthestrutontheliftingsurface
provednegligibleat alldepthsfordragandatallbuttheveryshallow
depthsforliftandpitthingmoment.At theveryshallowdepthsthe
interferenceeffectscausedslightincreasesinbothliftandpitching
moment.Strut-t=eeffectson liftandpitchingmomentwerenegligible
atalldepthsalthoughstrut-tareeffectson dragwerenot.

Comparisonsweremadebetweenthestrutdragobtainedinthese
testsanddatafromprevioustankandwind-tunneltestsusingthesame
airfoilsection.Sectiondragcoefficientsforthestrutwereingood
agreementforthethreesetsof dataandtendedto forma singleline
whichdecreasedwithincreasingReynoldsnumberandfellbetweenthe
turbulent-flowandlsminar-flowlines.Theagreementwithwind-tunnel
dataindicatedthatsuchdataattheproperReynoldstier msybe used
toestimatethesectiondragofthestrutswith0° rakeoperatinginwater
atsubcatitationspeeds.Thesurface-intersectiondragcoefficientswere
a~roximatelyconstsntforFroudenudoersabovethecriticalwavespeed.
Belowthiscriticslvalue,a sharpincreaseinthecoefficientoccurred
andthevalueobtainedagreedfsirlywellwiththepredictionsofwave-
dragtheory.

Resultsof hydrodynamicinvestigationsofthreesubmergedrectangular
flatplateshavingaspectratiosof 1.00,0.25,and0.125mountedon a
singlestrutandoperatingnem a freewatersurfacehavebeenpresented
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inreferences1 and2. Thepurposeofthepresentinvestigationisto
obtaininformationonthestruttsresandthemutualinterferences
betweentheflatplatesandthestrutinordertoevaluatethetieffects
onthecharacteristicsoftheflatplatessmdthestrut.I&cmthesedata,
correctionscouldthenbe appliedtothedataof’references1 and2 for
purposesoffurtherhnalysis.

Sincethesamestruthadbeenusedforthetestsof eachofthe
flatplates,andsincetheeffectof aspectratioontheinterferences
wasexpectedtobe small,dataobtainedwithjustoneoftheflatplates
in conjunctionwiththestrutweredeemedrepresentativeofthedatafor
anyofthethree.Thispaperpresentsexperimentaldataobtainedin
Langleytankno.2 withthemodified-flat-platerectangularlifting
surfacehatingan aspectratioof0.25in conjunctionwiththe
NACA6~-012 airfoil-sectionsurface-piercingstrutoperatingatvsrious —
depthsof submersion.Comparisonsaremadebetweenthestrut-tare-hag
dataobtainedinthesetests,dataobtainedinprevioustanktests,
andwind-tunneldataforthesameairfoilsection.

%)

w

C?31

c

cd

%

‘I

%dragcoefficientforzerodepth,—

P Ct

dragcoefficientdueto interferenceofmodelon strut,

‘I

s~face-intersectiontia$coefficient,CD - CD
o I

strutchord,ft

sectiondragcoefficient,—
~;cd

,

extrapolateddragforzerodepth,lb

interferencedragofmodelon strut,lb
.-

9

k



NACATN 3420

F

g

R

-t

v

v.

P
4 “

sectiondrag,lb

totalstrutdrag,lb

depthof submersionof struttipat centerlinebelow
undisturbedwatersurface,ft

vFroudenumber,—
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accelerationdueto gravity,32.2ft/sec2

Reynoldsnumber,Vcj$

strutthickness,ft

forwardvelocity,fps

kinematicviscosity,1.44x 10.-3ft2/sec

=SS density,1.968slugs/cuf-t

MODEL,APPARN!XE,ANDPK)CEDURX

Themodelusedwasamodified-f’lat-platerectangularlifting
surfacehavinganaspectratioof0.27invariouscombinationswitha
strutandsting.Theaspect-ratio-O.25liftingsurfacewasthesame
onethatwasusedinthetestsof reference1. Theleadingedgewas
roundedto a 2:1ellipseandtheafter-portionwassymmetricallybeveled
sothattheincludedanglewas10°. A drawingoftheliftingsurface
attachedto thesting,withthemainstrutinplaceaboveit,isshown
infiguxe1.

Thestingconsistedof a cylindricalrodandtwopermanently
attachedNACA661-012airfoil-sectionstruts.Onestrutmountedper-
pendiculartotherodneartheaftendwasattachedtothetowing

, carriage.Theotherstrut,whichwasmountedrakedforwardat anangle
of 49 to therodnearthefrontend,wasusedto jointheliftingsur-
facetothesting.No filletswereusedat anyoftheintersections.

ThemainstrutwastheNACA661-012airfoil-sectionstrutusedin
thetestsreportedinreferences1 and2. Whenthisstrutwasused
duringthepresentinvestigation,theliftingsurfacewasattachedto
thesting.Themainstrut,attachedtothetowingcarriage,wasinits



,

4 NACATN 3420

normalpositionontheMftingsurface.A pieceof softrubbercutso
thatitwaseffectivelyanextensionof thestrutwasfastenedtothe
endofthestrutandservedto seperateitfromtheliftingsurface.
Thisrubberseparatorwasinsertedto insurethatno forcesweretrans-
mittedfromtheliftingsurfaceto thestrutandviceversa.Thesting,
strut,andliftingsurfaceweremadeof stainlesssteelandpolished
to a smoothfinish.

TestsweremadebyusingtheLangleytankno.2 carriagewith
strain-gagebalancestomeasureindependentlythelift,drag,and
pitchingmoment.Themomentwasmeasuredaboutan arbitrarypoint
abovethemodelandthedatathusobtainedwereusedto calculatethe
pitchingmomentsaboutthetrailingedge.A windscreenwasusedto
reducetheaerodynamictaresandaerodynamiceffectson flowpatterns
tonegligiblevalues.Beforeeachtestrunmeasurementsweretaken
inthe“atrest”conditionwiththemodels@merged,andthevalues
thusobtainedweresubtractedfromthedataobtainedduringthetest
run;therefore,thebuoyanciesofthemodel,sting,andstrutwerenot
includedinthedata.

Thetestswereruninthreeparts.Thefirstpartwasusedto
evaluatethecombinationofthestruttaresandtheinterferenceof
theliftingsurfaceonthestrut.Forthispart,measurementswere
takenonthemainstrut.Theliftingsurfaceandstingwereinplace
beneaththestrutandattachedtothetowingcarriagefurtheraft.
Thesecondandthirdpartswereusedto evaluatetheinterferenceof
thestrutontheliftingsurface.Forthesecondpart,measurements
weretakenon thestingwiththeliftingsurfaceattachedto itbut
withthemainstrutremoved.Forthethirdpart,measurementsweretaken
onthestingwiththeliftingsurfaceattachedto itandthemainstrut
inplaceabovetheliftingsurface;however,themainstrutwasattached
onlyto thetowingcarriage.Thedifferencebetweenthedataobtained
inpartstwoandthreegavetheinterferenceofthestrutonthelifting
surface.

Forcemeasurementsweremadeat constantspeedsforfixedangles
of attackanddepthsof submersionoftheliftingsurface.Thedepth
of submersionisdefinedasthedistancefmm theundisturbedwater
surfacetothepointon theliftingsurfacenearesttothiswatersurface.
Whenthestrutwasinplaceabovetheliftingsurface,thelifting
surfaceandstrutwereadjustedas a unit.Thestrutwhichwasper-
pendicularto theliftingsurface,therefore,wasrakedforwardfor
positiveanglesof attackofthesurface.Sincethemainstrutwas
mountedwellaftofthepointtowhichthedepthof submersionofthe
liftingsurfacewasmeasured,theamountof strutareaunderwater
Increasedwithincreasingangleof attack.

.

●
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Thesamedepthsof submersionusedinreference1 (nsmely,0.5inch,
1.0inch,3.0inches,and6.oinches)wereusedinthesetests,andthe

* rangeof speedscoveredinreference1 wasadheredto as closelyas
possible.However,theheavydragandnegativepitchingmomentcaused
by thelsrgestingstructurereducedtherangeofspeedssomewhat,
becausethestrain-gage-balancecapacitieswerethesameasfor.earlier
tests.

Thechangeinangleof attackdueto structuraldeflectioncaused
by theforcesontheliftingsurfacewasobtained.duringthestrain-
gage-balancecalibrationandthedatawereadjustedaccordingly.The
depthof submersionwasadjustedduringtherunto keepvariationsin
thisparameterto a minimum.Theesttitedaccuracyofthemeasurements
isasfollows:

Angleofattack,deg. . . . . . . . . . ... . . . . . . . . . . .tO.l
Depthofsulrnersion,in.. . . . . . . . . . . . . . . . . . . ti.05
Velocity,fps. . . . . . . . . . . . . . . . . . . . . . . . . . tO.2
LMt,lb. . . . . . . . . . . . . . . . . . . . . . . . . . . . tO.25

* Drag,.lb.. . . . . . . . . . . . . . . . . . . . . . . . . . . ~.1.(1
Pitchingmoment,ft-lb. . . . . . . . . . . . . . . . . . . ... *.5

RESULTSANDDISCUSSION

InterferenceEffectsofStrutonLiftingSurface

As preciouslymentioned,theeffectsof interferenceofthestrut
ontheliftingsurfacewereobtainedby takingthedifferencebetween
thedataobtainedwiththestrutinplacesndthatobtainedwiththe
strutremoved.Theseresultsshowedthattheinterferenceeffectsofthe
strutonthedragoftheliftingsurfacewerenegligibleat alldepths.

Theeffectontheliftcausedby theinterferenceofthestruton
theliftingsurfacefordepthsof submersionof0.5inchand1.0inch
is showninfigure2. Theliftincrementsattheseshallowdepthsare
psitivej thatis, theinterferencetendedto increasethelift.The
decreaseintheeffectwithincreasingdepthwasquiterapid,withthe
valuesforthel.O-inchdepthapproachingthemagnitudeoftheaccuracy
ofthedata.

Atbothofthesedepthsatthehighanglesof attack,the“planing
bubble”describedinreferences1 and2 occurred.Thisplaningbubble
isa formof &eparationoftheleadingedgeinwhichanairbubble,

# surroundedby a thinfilmofwater,isformed.Thisairbubbleprevents
anywaterfromtouchingtheuppersurfaceoftheliftingsurface.

.

d
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Insucha case,nowaterflowispresentattheintersectionofthestrut
-.

andliftingsurface,andthereforetheliftinterferencewouldbe negli-
gible;thisfactisborneoutby thetests.At 0.5-inchdepth,theplsn- W
ingbubblecausedtheliftinterferencetobe zeroathighanglesof
attackforspeedsfrom15 feetpersecondto30 feetpersecond;whereas
forthelo-inchdepth,theplaningbubbleOccued OM atfo~ardsPee*-
of 20feetpersecond.Above30 feetpersecondatthe0.5-inchdepth
andshove20feetpersecondatthel.O-inchdepth,anglesof attack
highenoughtoproducetheplamingbubblewerenotattainedbecauseof
limitationsimposedby thebalsmcecapacities.

Theeffectonthepitchingmomentcausedbytheinterferenceof
thestrutonthemodelis showninfigure3 fora depthof submersion
of0.5inchand1.0inch.Themomentincrementsattheseshallow
depthsalsoprovedtobe positive.Thedecreaseintheeffectonmoment
withincreasingdepthwasnotquitesorapidasithadbeenforlift,
thevaluesat l.O-inchdepthstillbeingappreciable.Theeffectsof
theplaningbubblewerethesameforpitchingmomentasforlift.

Fordepthsof 3.0inchesand6.oinchestheinterferenceeffects
onbothliftandpitchingmomentprovedtobe negligibleforall
combinationsof speedsandanglesof attackavailableforthisinvesti-
gateion. Theavailablecombinationsof speedsandanglesof attackat
thesedepthswerelimitedby thebalancecapacitiesto a smallerrange
thanthatavailableforthemoreshallowdepths.Figurek istherefore
includedto indicatethescopeoftheinterferencetestsforthe
3.O-inchand6.O-inchdepths.Thespeedrangescoveredforthetwo
depthswerethesame,exceptatthehighestanglesof attack,where
itwaspossibleto achievea somewhathigherspeedforthe3.O-inch
depth.

StrutTares

Thestruttaresinthepresenceoftheaspect-ratio-O.25lifting
surfaceprovednegligibleinsofarastheliftandpitchingmoment
wereconcerned.Thestrut-dragdataarepresentedinfigure5 asplots
oftotaldragagainstrakeanglewithspeedasthepsrameter.Since
thestrutwasnormaltotheliftingsurface,therakeangleofthestrut
isthessmeastheangleof attackoftheliftingsurface.Theplots
areforfixeddepthsof submersionoftheliftingsm.face.Sincethe
strutwasmountedaftofthepointaboutwhichtheliftingsurfacewas
pivoted,theaveragedepthof submersionofthestrutincreasedwith
increasingrakeangle.Thecurvesindicatethattheeffectof rake
angleonthedragissmallformostoftherangeof a!nglesandspeeds
usedinthetests,despitethisincreasein strutsubmersionwith

w
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increasingangle.Onlyatthehigherspeedsorhigheranglescanthe
& expectedincreasein dragwithincreasinganglebe noted.Thisincrease

indraghecsmemorepronouncedasthedepthof submersionofthelifting
surfacewasincreased.

Thevariationof dragwiththestrutdepthof submersionwas
obtainedfromfigure5 andisplottedinfigure6 withspeedasa
parameter.Thestrutdepthof submersionisdefinedasthevertical
distancefromtheundisturbedwatersu@acetothebottomofthestrut
atthecenterofthechordline.Thetotaldragfora givensyeed,
representedby thes“ol.idline,varieddirectlywiththedepth,except
attheveryshallowdepthswherea favorableeffecton dragoccurred.
Thiseffectwaspossiblydueto interactionbetweenthesurfaceeffects
andtheinterferenceof themodelonthestrut.Thedashedlines
representextrapolationsofthestraight-linepartofthecurve.Curves
arenotpresentedforthehigherrakeanglesbecausethedataatthese
angleswereinsufficientto determinereliablythetrends.

Thesectiondragwasassumedto be.

Ds=q-~
*.,

where

D~ sectiondragatgivendepth

% totaldragatgivendepth

% dragat zerodepthobtainedby etirapolationof straight-line
partofthecurve

Thesection&ragcoefficient,basedontheprojectedareaofthe
submergedstrutatrest,isplottedagainstReynoldsnumberinfigure7.
Alsoincludedinthisfiguresxedataobtainedinprevioustanktests
of strutshavingthesameairfoilsectionbuthavingchordsof 4.0inches
and8.oinches(ref.3) andwind-tunneldataonthessmeairfoilsection
(ref.4). TheSchoenherrline(ref.5),whichrepresentsaverageskin-
frictiondataforfullyturbulentflowonflatplates,andtheBlasius
line(ref.6), whichrepresentstheoreticalvaluesforlaminarflow,
arealsoshown.Theresultsofthewind-tunneltestsandthetwotank
testsat0° rakeareingoodagreement;thevaluesdecreasewith
increasingReynoldsnumberandtendto forma singlelinewhichlies
inthetransitionrangebetweenthelaminar-flowandturbulent-flow
lines.In general,rakingthestruteitherforwardor rearwardreduced

. thesectiondragcoefficierrt,asmighthavebeenexpectedfromconsidera-
tion ofthereductionineffectivethicknessratiowithrakeineither
direction.

.
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Theagreementshownbetweenthetankandwind-tunneldataindicates
thatwind-tunneldataattheproperReynoldsnumbermaybeusedto
estimatethesectiondragof strutswith0° rakeoperatinginwaterat
subcavitationspeeds.

Severaleffectsmustbe consideredinanalyzingthezero-depth
valuesofthestruttiag.First,therecanbe no sectiondragatzero
depth.Furthermore,sincealltestsweremadein thepresenceofthe
liftingsurface,thedragofthestruttipwaseliminated.Therefore,
theonlyeffectsproducedonthestrutbytheliftingsurfacewhich
remainin considerationaretheinterferenceeffects-producedatthe
junctureofthestrutandtheliftingsurfacebecauseof deceleration
andseparationoftheboundarylayerwithinthecornersformedby the
two. AccordingtoHoerner(ref.7),thisinterferencedragcoefficient—.
maybe estimat=dby,

c% = 0.8(:)2 – o.~cq

Thecoefficientofthesurface-intersectiondrag

c% = c%

where C
%

isthecoefficientof drag

- CD1

wasobtainedfrom

atzerodepth.

Thevaluesofthecoefficientof surface-intersectiondragare
plottedagainstFroudenumberinfigure8,wheretheyareagaincom-
paredwithdatafromreference3. FortherangeofFroudenumbers
wherecomparisonis-possible,agreementisgood,althoughtheeffect
of rakeappearstobemorepronouncedinthepresenttests.Thecon-
clusionmadei~reference3 thatthevalueofthiscoefficientwas
approximatelyconstantatFroudenumbersabove8.ostillappearsvalid.
Thetestsofreference3 wererunat speedsabovetk criticalspeedfor
thetankinwhichtheyweremade. Thepresenttestswererunatspeeds
bothaboveandbelowthecriticalspeed.Belowthecriticalspeedthe
sharpriseinthecoefficientisduetothepresenceofwavedrag.
Valuesofthewavedragwerecomputedby themethodofHavelock(ref.8)
fora parabolic-arcsectionhavingthesamethicknessratioasthestrut
tested.(Effortsto accountforthedifferenceinshapebetweenthe
sectionactuallyusedandthisparabolic-arcsectionintroducedcompli-
cationswhichwerebeyondthescopeofthepresentinvestigation
insofaras expectedimprovementsintheaccuracyofthepredictedwave
dragwereconcerned.)Thecomputedvaluesofthewavedragwereadded
totheconstantvalueof0.03attainedatsupercriticalspeeds,and
theresultswereplottedforFroudenumbersbelowthecriticalspeed.
Fairlygoodagreementwiththedataisshown.

%“

—
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COI?CLUSIONS

An investigationto determinethehydrodynamictaresandinterfer-
encesforanNACA6%QU airfoil-sectionsurface-piercingstrutandan
aspect-ratio-O.25flat-plateliftingsurfaceindicatesthefollowing
conclusions:

1.Interferenceeffectsofthestrutonthedragofthelifting
surfacewerenegligibleatalldepths.

2. ~terferenceeffectsofthestrutontheliftandpitching
momentoftheliftingsurfacewerenegligibleexceptatthevery
shallowdepthswheretheinterferenceeffectsincreasedboththelift
andthepitchingmoment.

3. Strut lifts andpitchingmmntswere negligibleatti depths,
whereasstrutdragswereappreciableat all.depths.

● 4.Sectiondragcoefficientsforthestrutwereingoodagreement
withpretioustankdataandwithwind-tunneldata;thisagreement

● indicatedthatwind-tunneldataattheproperReynoldsnuuibermaybe
usedto estimatethesectiondragof strutswith0° rakeoperatingin
wateratsubcavitationspeeds.Valuesofthestrutsectiondrag
coefficientsforthethreesetsof datadecreasedwithincreasing
Reynoldsnumberandtendedto forma singlelinewhichlaybetweenthe
turbulent-flowandlaminar-flowlines.

5.Rakingthestrutseitherforwardorrearwardreducedthe
sectiondragcoefficientof thestrut,aswouldbe expectedbecauseof
thereductionineffectivethicknessratio.

6. Thesurface-intersectiondragcoefficientwasapproximately
constantforvaluesoftheFroudenumberabovethecriticalwavespeed
of thetank.Belowthisspeeda sharpincreaseinthecoefficientwas
notedandthisincreasecheckedfairlywellwithpredictionsbasedon
wave-dragtheory.

LangleyAeronauti.csJ.Laboratory,
NationsJ-AdtisoryConmitteeforAeronautics$

LangleyField,V.a.,January5, 1955.
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Figure2.- Effectonliftofinterferenceofstrut.onaspect-ratio-O.2~
liftingsurface.(Anglesanddepthsareforliftingsurface.)
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